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[57] ABSTRACT 

An input device for an interactive computer simulation or 
game is disclosed which includes a structure having at least 
two degreesof-fxeedom which is moveable by a digit of a 
user to transmit input signal to a computer. At least one 
actuator connected to the moveable structure receives inputs 
from a computer and applies forces in the at least two 
degrees -of-freedom to the movable structure and thereby to 
the digit of the user. The actuator may include an electric 
motor and any of a variety of force transmission schemes 
including direct, cable, gear or belt drives. The applied 
forces are typically based on internal programming within 
the computer, events occurrmg in the simulation and move- 
ments of and forces applied to the movable structure by the 
operator. The input device of the invention thereby provides 
continuous interaction among motion of and forces applied 
by the movable structure, the events in the simulation and 
forces applied to and applied by the movable structure to 
enhance user enjoyment and performance. 

14 Claims, 8 Drawing Sheets 
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INPUT DEVICE INCLUDING DIGITAL The instant invention may be advantageously utilized in 

FORCE FEEDBACK APPARATUS conjunction with an interactive simulation system which 

includes a computer or game display unit programmed with 
This application is a continuation-in-part application of simulation rules. A control unit connected to the computer 

co-pending application Ser. No. 08/245,957, entitled Inter- 5 provides information and control signals to the computer 

active Stimulation Including Force Feedback, filed May 19, ?° m me *W* wMch mteract with the stored sinui- 

1994 still pending and assigned to the same assignee as the ^ rales and receives information and control signals 

preset mvention. the disclosure of which is herein incor- ^tST^^Z^^R 

poraieo oy rererence. Ae aaxutaSB so as to apply forces in the at least two 

BACKGROUND OF THE INVENTION degrees-of-freedom to the movable structure and thereby to 

the digit of the operator. The applied forces are based on 

This invention relates to input devices utilized in inter- internal prograrnming within the programmable unit, events 

active computer simulations, and more particularly to an occurring in the simulation and movements of and forces 

input device including force or touch feedback for simnla- applied to the movable structure by the digit of the operator, 

tions and games. 15 A system employing the input device of the instant invention 

Interactive computer simulations and interactive video thereby provides continuous interaction among motion of 

gamestypicaUymdudemnctioiially limited, dedicated input ™ d forces appHed by the movable structure, the events in 

devices to support interface with a user or player. One t£» * e ^^^ d forces a PP Hed to "* a PP Ued b ? me 

of device used to provide inputs for the simulation or game „ ° j,u * ' t * ^ « . ^ 

• n . . ^J»^^ ^ j fl * n * 20 By providing touch ox force feedback, the system of the 
is a movable structure having two or more degrees-of- tx¥ ^ n effectively involves &e operator in the 
freedom of motion, generally known as a joystick. . , TT 7 ^ m m C 

* , , , . ' f . . 7 7 u A v j j simulation or game. For example, in two-dimensional games 
Alternatively, the input device may be a handheld pad such M flight^atcJ&elresent digital force feedback 
having a plurality of switches located thereon ma pattern apparatus allows aplayertofeeladm^erencem t^eiformance 
which affords ease of actuation by one or more digits of a ^ between a small general aviation airplane and a high per- 
user or operator. Conventionally, the joystick and pad are formance military fighter and to feel environmental forces 
strictly input devices by which signals are conveyed to the such ^ & turbulence or updrafts. In this case the input 
processing unit of the computer. These joysticks andpads do ^vice, known as a PowerPad™, will cause the user to feel 
not provide tactile or force feedback to the user which is a VttdQty of programmable resistance effects upon digital 
related in any manner to the simulation or game. 3Q movement of the cradle, including feeling "stiffness" or 

It has been recognized that providing a user tactile or "softness" depending on which type of airplane is being 
force feedback may afford a more beneficial interface result- "flown" by the simulation user. In three-dimensional games 
ing in improved user performance in completing a task. The (which are just now becoming available) force feedback is 
Atari Hard Drivin® video game provides one- dimensional particularly valuable because navigating in a three- 
force feedback to a steering wheel or a brake pedal That is, 35 dimensional environment is often difficult and the digital 
during a game, torques are generated on the steering wheel feedback provided by the invention will enable the user to 
which simulate those torques which would be experienced feel objects which are being encountered and provide a 
during, for example, cornering in a car. See also, U.S. Pat real-time indication of where an object controlled by the 
No. 5,044,956- In a more general simulation context, control user or player is located within the simulation or game. In 
elements including force feedback are known in elaborate games involving contact, such as fighting games, the inven- 
flight simulators costing many millions of dollars. tion simiiktes and displays tome cjperator's digit the feel of 
Heretofore, there has been no multiple-degree-of-freedom collisions with objects encountered during the game or 
input device having force feedback suitable for games and simulation and interaction with terrains of different textures, 
simulations and suitable for arcade and home use. It is contemplated that the use of a player's digit for both 
rTTinfim , _ ^^^^ 45 user input and force feedback may increase a player's 
SUMMARY OF THE INVENTION perforate and satisfaction due to the sensitivity of the 

An input device including digital force feedback appara- digit in responding to force feedback. Further, devices 

tus is disclosed for use as an input device with an interactive according to the teachings of the instant invention may 

computer simulation or interactive video game, for example, consume less power, require less volume and weigh less than 

and comprises a housing or pad suitably configured for 50 force feedback devices employed in amibination with large 

grasping in at least one hand of a user. Attached thereto are joysticks configured to be grasped by a user's entire hand 

one or more devices for providing user input including at which require greater actuation forces, 

least one moveable structure having two or more degrees- BRIEF DESCRIPTION OF THE DRAWINGS 

of-freedom of motion. The moveable structure is configured _ ^ , 

to accept a digit of a user to control the motion thereof. 55 ™* 1 n a Wock digram illustrating a computer system 

Actuation means disposed in the housing are connected to ^ which "V ut te™* of ^ F^ 111 invention is 

the moveable structure to provide force and touch feedback advantageously utilized. 

to the digit of the user. HG- 2 is a schematic perspective view of the input device 

In a preferred embodiment, the movable structure is a depicting the digital cradle of the force feedback apparatus, 

digit cradle with up to three passive degrees-of-freedom » 2A is a schematic perspective view of the input 

disposed on a shaft with two actuated degrees-of-freedom. device being held by a user. 

The actuation means include electric motors driving a low- FIGS. 3 and 4 are front and side cross-sectional schematic 

friction, low-backlash transmission of the type comprised of views, respectively, of an exemplary embodiment of the 

mechanical linkages. Alternate transmission designs are also force feedback apparatus of the present invention, 

contemplated, including direct, cable, belt and gear drives. 65 FIG. 5 is a schematic, cross-sectional side view of a 

The input device may also include switches or other ele- preferred embodiment of the force feed apparatus of die 

ments for providing additional user input present invention. 
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FIG. 6 is a schematic bottom view of the embodiment of 34 and 36 provide an output proportional to angular orien- 

HG. 5. tation of the respective motor 30 and 32 shafts. Disposed at 

FIG. 7 is a detail taken from FIG. 5. a distal end of shaft 21 is digit cradle 13. 

FIG 8 is a detail taken from HG. 6. As shown in FIG. 1, the input device 10 is connected to 

nG.9isascheinaticcross-sectionalviewofanalternate 5 the compter 16 sothatinforrnation and control signals can 

embodiment of the force feedback apparatus. P ass ^ ^er direction between me input device 10 and jhe 

. \ , _ < computer 16. The programmable unit 14 may be included in 

HG. 10 is a schematic : cross-sechonal i view of yet another ^ ^ ut dcvicc housing 20 ^miy be part of the computer 

alternate embodiment of the force feedback apparatus. 16 ^ ^ programmable unit 14 processes signals from 

FIG. 11A is a schematic view of alternate and additional 10 the computer 16 using internally stored rules and equations 

features of the digital cradle according to the invention. to generate signals to drive the motors 30 and 32 so as to 

FIG. 11B is a schematic perspective view of yet another produce forces along the two degrees-of-freedom to the 

feature of the digital cradle according to the invention. digital cradle 13 and to a user (not shown) having a digit 

FIG. 12 is a complete schematic cross-sectional side view disposed therein. The applied forces are based on internal 

of an embodiment of the invention. 15 pogpnwMg within the programmable unit 14, events 

FIG. 12Ais a schematic bottom view of the embodiment oc ™f *? -Jn^to and movements of and forces 

of FIG 12 applied to the digital cradle 13 by an operator (not shown). 

The advantageous use of the input device 10 in a system of 

MODE(S) FOR CARRYING OUT THE this type merefbre provides continuous interaction among 

INVENTION 20 motion of the digital cradle 13, events in the simulation and 

•» * 1.1 t j* mi * j * «a the forces applied to and applied by the cradle 13. 

FIG. 1 is a block diagram illustrating an input device 10 „ r . 4 „ ' m 

according to the present invention advantageously utilized in rcfcren f ™ w t0 n £S. 5, 6, 7 and 8, an exemplary 

a computer system 11. The input device 10 has a moveable rf * *° w P rofile mov^e stracture 112 is 

stmctuVe 12 including a digit cradle 13 and may include * Am °*> r a u sh f t ^ 4 ^ e 

omera>nventionalmputswitehes.foxexample,thoseshown Quoted S en ^ v * a ™ e u shaft 54 P asses through an 

generally at 15. The input device 10 communicates with a °? € ?^ on ^nsorsuch as potentiometer or encocfer 

programmable section or unit 14 which may be physically 56 *T^ f* 54 causes a 1 bracket S * to ™ y *}& ™ d *& 1 

located within the input device 10 or externally therefrom. 10 HG - * a lower portion 59 of shaft m to 

A general purpose digital computer 16> such as a personal 30 ?f 

computer or game display unit, is programmed with simn- dotted tocket 58 18 ^^ed in bearings 60 and 61. 

lation or game rules. The output from the computer 16 is Similarly, a motor 62 drives a linkage 64 which rotates a 

displayed on a video monitor 18. The input device 10 is shaft 68 which passes through a potentiometer or encoder 

connected to the computer 16, providing information and 70. The shaft 68 causes a bracket 72 to rotate, causing the 

control signals to the computer 16 to interact with stored 35 digital cradle 113 to move into and out of the plane of FIG. 

simulation rules and receiving information and control sig- 5 * Th e bracket 72 is supported by bearings 73 and 74. 

nals from the computer 16. The programmable unit 14 As will be appreciated, as the motors 50 and 62 are 

processes signals and information from the computer 16 and energized, the cradle 113 is driven with two degrees-of- 

generates inputs to moveable structure 12, and processes freedom, mat is, left and right and in and out of the plane of 

outputs from the moveable structure 12 and switches 15. 40 FIG. 5. The rotational sensors 56 and 70 provide electrical 

With reference now to FIG. 2, the input device 10 outputs proportional to the angular orientation of their 

supports the digit cradle 13 for two degrees-of -freedom of respective shafts 54, 68. With reference to FIG. 5, the 

motion with respect to the input device 10, shown generally programmable unit 14 is shown as a circuit board 76 which 

by arrows 17, 19. Hie input device 10 includes a housing 20 may include motor control and signal processing electronics, 

which is sized and configured to be grasped comfortably in 45 In an exemplary embodiment, currents in the drive motors 

at least one hand of a user as shown in FIG. 2A. Shown here 50, 62 can be used to determine torque which can also be 

is a digit cradle 13 positioned and configured to accept a inferred from strain gauges or other types of force/torque 

thumb of a user, although other embodiments are sensors (not shown) on drive transmission components such 

contemplated, including those configured to accept an index as cables or shafts. 

or other finger of a user. 50 Depending on the requirements of a particular 

With reference now to FIGS. 3 and 4, a portion of the application, force transmission can be afforded by a 

input device 10 is shown without its housing 20. Moveable mechanical linkage assembly such as the four-bar linkages 

structure 12 includes electric motors 30 and 32 along with 52, 64 illustrated in FIGS. 5 and 6, the cable transmission 23 

angular position sensors 34 and 36 attached to respective illustrated in FIGS. 3 and 4 or other suitable means. For 

shafts thereof. The motors 30 and 32 include shafts with 55 example, moveable structure 212 depicted in FIG. 9 shows 

capstans 38 and 40 disposed thereon, respectively. Sensor 34 digit cradle 213 disposed on a distal end of shalt 221. Pinion 

responds to the angular orientation of capstan 38 and sensor gear 222 mounted on a shaft of motor 250 engages sector 

36 responds to the angular orientation of capstan 40 to gear 224 at a peripheral portion thereof to cause rotation of 

generate signals for use by the programmable unit 14. A shaft 254 and concomitant rocking of shaft 221 and cradle 

cable transmission mechanism 23 driven by the capstan 38 60 213 from left to right, as depicted in FIG. 9. The gear drive 

is adapted to rotate a shaft 21 about an axis 42, that is, left arrangement of FIG. 9 may be modified to a belt drive 

and right in FIG. 3. Similarly, capstan 40 is adapted to rotate arrangement as shown in moveable structure 312 depicted in 

the shaft 21 about an axis 44 so that it moves into and out FIG. 10. In an exemplary embodiment, a toothed timing belt 

of the plane of HG. 3. As shown in FIG. 4, a drum sector 46 or band 352 transmits rotation of a shaft of motor 350 to 

cooperates with capstan 38 and cable 23 to effect movement 65 shaft 354 causing rotation thereof, resulting in rocking of 

of shaft 21 along a first degree-of-freedom. This transmis- shaft 321 and cradle 313 from left to right, as depicted in 

sion system has low backlash and low friction. The sensors FIG. 10. While FIGS. 9 and 10 show alternate embodiment 
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tramraissions acting in one degrce-of-freedom only for be apparent to those skilled in the art from the teaching 

clarity, similar transmission elements may be advanta- herein. Far example, depending on the requirements of a 

geously utilized to cause cradle motion into and out of the particular application, the moveable structure may have two 

plane of the figures. If desired for a particular application, non-orthogonal degrees-of-freedom of motion or more than 

speed reduction or torque amplification can be built into the 5 two degrees-of-freedom of motion. Further, a single motor 

transmission of any embodiment depicted to amplify the may be employed with suitable transmission means to 

force applied to the cradle 13 as desired, for example by provide force to the cradle along more than one degree-of- 

changing gear ratios, belt pulley sizes or linkage lengths. In freedom. Yet further, the input device may have more than 

applications where space and motor size are not constrained, one moveable structure disposed thereon, multiple devices 

the motors 50 and 62 can be directly mounted onto shafts 54 10 being configured and positioned to accommodate multiple 

and 68 in FIG. 6 without transmissions. digits on a single hand of a user or one or more digits on both 

As discussed above, in the exemplary embodiment hands of a user simultaneously. It is therefore desired to be 

depicted in HO. 2A, digit cradle 13 is positioned and secured in the appended claims all such modifications as fall 

configured to accept a thumb of a user. Referring to FIGS. within the true spirit and scope of the invention. 

3 and 4, cradle 13 is depicted as a closed annulus 25 having *5 Accordingly, what is desired to be secured by Letters Patent 

an optional saddle portion 27 extending therefrom to com- of United States is the invention as defined and differ- 

fortably support a digit of a user. As can be appreciated by entiated in the following claims, 

those having skill in the art, a variety of alternate configu- What is claimed is: 

rations may be employed to adapt the cradle 13 to a digit of 1* An input device including digital farce feedback 

a user thereby facilitating the practice of the innovative 20 apparatus, for use in one of a video gaming and a virtual 

teachings disclosed herein. For example, FIG. UA depicts reality environment, comprising: 

digit cradle 13A having an interrupted or open annulus 25A. a housing having a size sufficiently small to be supported 

Cradle 13A may be manufactured of a compliant material, by one hand of an operator, 

such as a polymer or thin sheet metal, such that positioning a moveable structure having at least two degrees-of- 

of a digit therein causes elastic deformation of the annulus 25 freedom of motion attached to said housing and com- 

25A and maintenance of intimate contact with the digit raising at least one cradle that is moveable by a digit of 

Additionally or alternatively, an adjustable strap 29 having an operator; and 

hook and loop or other means for attachment and adjustment # least one actuator disposed in said housing, said at least 

could be utilized to ensure positive securement of a digit in one acdiator being attflched to said movea ble structure 

the cradle 13A. Other features such as raised ridges 31 may 30 to p[avide force feedback to a digit of an operator 

be formed within the annulus 25A or on saddle portion 27A, disposed in said cradle along at least two degrees-of - 

as shown, to reduce slippage. Additionally, as shown in FIG. freedom. 

11B, a passive ball joint 33 having spherically contoured 2 . The invention according to claim 1 wherein: 

^iH ***** a 33 said actuator comprises a motor for generating a torque 

cradle 13B depicted here as an open annulus type, to 35 ^ ^ a ^J^ don of a shaft thereof. 

accornmo<^ 3. Thp invention according to claim 2 further comprising: 

shaft 321, for example, along raedetermmed axes of motion. . , _ 5 , ^ TT 

Relative movement between a digit disposed in sleeve 35 m£ ^J QC detenmmn S angular position of said motor 

and cradle 13B affords passive freedom of motion in three M ~~ L . A , . t . 

directions, specifically pitch, roll and yaw, as is shown and «o * ™° * vention according to daim 1 wherein said 

conventionally known for joints of this type. ***** mdu6c & at least one cable drive. 

„ 0 « ' A _ A . \ „ _ . 5. The invention according to claim 1 wherein said 

FIGS. 12 and 12A depict complete side and bottom a mechamcd liiikage. 

sectional views of^pref erred belt o^ive errJ>od^nt of the 6 ^ according Vcbiim 1 wherein said 

kr*t device 10.^ actuator includes a belt drive. 

is disposed at distal end of shaft 321 and actuated by 43 ? The invention according to claim 1 wherein said 

moveable structure 312, substantially as depicted and actuator includes a gear drive, 

descn^FIG. 10 In order Jo maintain a ^owFofile or 8 . The invention according to claim 1 wherein said cradle 

overall height of device 10 drcufc board 376 is located is configured and positioned on said housing to conform to 

below a series of input switches 15 rather than beneath a thumb of a user. 

moveable structure 312. Arranged in this manner, the cradle 9. The invention according to claim 1 wherein said cradle 

13B and switches 15 are aoVantageously positioned for „ comprised of a dosed 

simultaneous input by discrete digrts of a user. 10 m ^dmg to claim 9 wherein said 
Typical parameters which may be accommodated in the cradle further comprises a saddle portion extending there- 
various embodiments shown include actuated motion range 55 from. 

of the cradle of about 45 degrees in each degree-of-freedom n The invention according to rinim l wherein said 
direction, actuation forces at the cradle of up to about one cradle is comprised of an open annulus. 
pound force peak and up to about 03 pound force 12, The invention according to claim 11 wherein said 
continuous, and drive motor encoder shaft angular resolu- cradle further comprises an adjustable strap spanning an 
tion of about 0.1 degrees. Input device 10 may be configured ^ opening formed by said open annulus. 
as shown in FIG. 2A, having overall dimensions and weight 13. The invention according to claim 12 wherein said 
suitable for continuous grasping and ma n ip u lati on by a user, cradle further comprises a saddle portion extending there- 
for example, dimensions of about four inches by six inches fi^nx 

by two inches and weight of about one pound. X4. The invention according to claim 1 wherein said 

While there have been described herein what are consid- $5 cradle is comprised of a passive ball joint 
ered to be exemplary and preferred embodiments of the 

present invention, other modifications of the invention will ***** 
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